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SINGLE ELECTRIC MOTOR DRIVE AXLE
WITH MULTIPLE RATIOS

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application 1s a continuation of U.S. patent
application Ser. No. 16/088,193, entitled “SINGLE ELEC-

TRIC MOTOR DRIVE AXLE WITH MULTIPLE
RATIOS,” and filed on Sep. 25, 2018. U.S. patent applica-
tion Ser. No. 16/088,193 1s a national phase of International
Patent Application No. PCT/US2017/024299, entitled
“SINGLE ELECTRIC MOTOR DRIVE AXLE WITH
MULTIPLE RATIOS,” and filed on Mar. 27, 2017. Interna-
tional Patent Application No. PCT/US2017/024299 claims
priority to U.S. Provisional Patent Application No. 62/314,
023, entitled “SINGLE ELECTRIC MOTOR DRIVE AXLE
WITH MULTIPLE RATIOS,” and filed on Mar. 28, 2016.
The entire contents of each of the above-listed apphcatlons
are hereby 1ncorporated by reference for all purposes.

T

BACKGROUND

Provided herein 1s an electric drive axle for a motor
vehicle and, more particularly, an electric drive axle having
a single electric motor that provides two and three speed
configurations.

There 1s an 1increasing interest in hybrid and electric
vehicles to reduce carbon emission and reduce air pollution.
Current technology for electrified motors used 1 motor
vehicles have a limited spread 1n torque and speed. The use
of electric motors drivetrains can be optimized to efliciently
deliver high torque at low speeds and low torque at high
speeds, but not both.

Current designs for electric drive axles optimize perfor-
mance by adding additional components to the drivetrains
such as additional motors, a multi-speed gearbox between
the motor and axle, and a hub reduction to achieve a desired
overall axle ratio and performance. However, these designs
entail adding cost and complexity to the drivetrains.

Theretfore, 1t would be advantageous to develop an elec-
tric drive axle for an electric vehicle that can operate
clliciently at both high and low speeds that 1s cost eflect and
simple to control.

SUMMARY

Provided herein 1s an electric drive axle for a motor
vehicle including an axle housing, an electric motor having,
an output shaft directly driven by a bevel pinion gear
coupled thereto, a fixed ratio planetary gear arrangement, a
differential unit and a first clutch. The fixed ratio planetary
gear arrangement ncludes a sun gear, a ring gear, and a
carrier connecting the sun gear and ring gear. The differen-
tial unit includes a differential gear arrangement housed
within a differential case. The first clutch 1s selectively
operable to connect the sun gear to a stationary member of
the drive axle. Further, the ring gear 1s drivingly connected
to the bevel pinion gear and the carrier 1s 1 driving
engagement with the differential case.

Provided herein an electric drive axle for a motor vehicle
including an axle housing, an electric motor having an
output shaft directly driven by a bevel pinion gear coupled
thereto, a fixed ratio planetary gear arrangement, a differ-
ential unit and a first clutch. The fixed ratio planetary gear
arrangement includes a sun gear, a ring gear, and a carrier
connecting the sun gear and ring gear. The differential unit
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includes a differential gear arrangement housed within a
differential case. The first clutch 1s selectively operable to
connect the ring gear to a stationary member of the electric
axle. Further, the sun gear 1s drivingly connected to the bevel

pinion gear and the carrier 1s in driving engagement with the
differential case.

BRIEF DESCRIPTION OF THE DRAWINGS

The above, as well as other advantages of the present
embodiments, will become readily apparent to those skilled
in the art from the following detailed description when
considered 1n the light of the accompanying drawings in
which:

FIG. 1 1s a schematic view ol an electric drive axle
according to a preferred embodiment;

FIG. 2 1s a schematic view of an electric drive axle
according to another preferred embodiment;

FIG. 3 1s a schematic view of an electric drive axle
according to another preferred embodiment;

FIG. 4 1s a schematic view of an electric drive axle
according to another preferred embodiment;

FIG. 5 1s a schematic view of an electric drive axle
according to another preferred embodiment; and

FIG. 6 1s a level diagram of a planetary gear set of the
clectric drive axle depicted n FIG. 5.

DETAILED DESCRIPTION

It 1s to be understood that the preferred embodiments may
assume various alternative orientations and step sequences,
except where expressly specified to the contrary. It 1s also to
be understood that the specific devices and processes 1llus-
trated 1n the attached drawings, and described in the fol-
lowing specification are simply exemplary embodiments.
Hence, specific dimensions, directions, orientations or other
physical characteristics relating to the embodiments dis-
closed are not to be considered as limiting, unless expressly
stated otherwise.

FIG. 1 1s a schematic view of an electric drive axle 10 for
a motor vehicle according to a preferred embodiment. The
clectric drive axle 10 includes a motor-generator 12, a
reducing planetary gear set 14, a differential unit 16 and two
axle half shafts 18, 20. As 1s depicted the electric dnive axle
10 includes the five assembles 12, 14, 16, 18, 20, but is
understood that the axle 10 may include fewer or more
assemblies.

The motor-generator 12 1s coupled to an axle housing (not
shown). The motor-generator 12 1s 1n electrical communi-
cation with a controller (not shown) and an energy storage
device (not shown). In some embodiments, the energy
storage device can be a battery. Depending on the electrical
control of the motor-generator 12 using the controller, the
motor-generator 12 may apply force to or retard a portion of
the electric drive axle 10 1t 1s drivingly engaged with. In
some embodiments, the motor-generator 12 1s positioned
within an axle housing. It 1s to be understood that the battery
can be replaced with a fuel cell for a fuel cell electric vehicle
drivetrain (FCEV).

As shown 1 FIG. 1, the motor-generator 12 1s arranged
transversely to axle half shafts 18, 20 of the motor vehicle
and directly drives an output shatt 22. The output shait 22 1s
drivingly connected to a bevel pinion 24. Alternately, the
bevel pmion 24 may be integrally formed with the output
shaft 22. The bevel pinion 24 meshes with a bevel gear 26
drivingly engaged with the reducing planetary gear set 14.
The bevel gear 26 may be one of a hypoid gear, a spiral bevel
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gear, a straight bevel gear, or any other gear known to those
skilled 1n the art. In one embodiment, the bevel pinion 24
and bevel gear 26 can provide a gear ratio o1 6.5:1, but 1s not
limited thereto.

The bevel gear 26 1s drivingly engaged with the planetary
gear set 14. In one embodiment, the planetary gear set 14 1s
integrated into the electric drive axle 10 and positioned
between the bevel gear 26 and the axle half shatts 18, 20. In
some embodiments, the planetary gear set 14 1s a fixed ratio
planetary gear set. The planetary gear set 14 1s drivingly
engaged with the bevel gear 26 and the diflerential unit 16.
The planetary gear set 14 includes a sun gear portion 28, a
ring gear portion 30 and a carrier portion 32 connecting the
sun gear portion 28 and the ring gear portion 30.

In further embodiments, the planetary gear set 14 can
include additional reducing gear sets to achieve a desired
gear reduction depending on the application the electric
drive axle 10 1s used.

As shown 1n FIG. 1, the ring gear portion 30 1s 1n driving,
engagement with the motor-generator 12 via the bevel gear
26. The carrier portion 32 1s in driving engagement with a
differential case 34 including a differential gear arrangement
36 of the diflerential unit 16.

In some embodiments, the differential gear arrangement
36 includes a pair of pinion gears 38 and side gears 40, 42
rotatably supported 1n the differential case 34. However,
other differential gear arrangements including, but not lim-
ited to, a planetary differential gear arrangements can also be
used. The differential case 34 rotates around a rotational axis
/. along with the two axle half shafts 18, 20 which are
supported coaxially to the rotational axis Z. The side gears
40, 42 mesh with the pinion gears 38 and engage axle half
shafts 18, 20 respectively. The output axle half shafts 18, 20
lead to wheel assemblies 44, 46. The pinion gears 38 are
rotatably supported on a pimion shait 48 secured to the
differential case 34. The wheel assemblies 44, 46 include left
and right wheels 44a, 46a respectively that are powered by
the electric drive axle 10.

The sun gear portion 28 1s permanently grounded to a
stationary member 49 of the motor vehicle resulting in the
planetary gear set 14 producing a reducing planetary fixed
planetary gear ratio. In some embodiments, the stationary
member 49 1s an axle housing, but i1s not limited thereto. In
one embodiment, the stationary member 49 1s positioned
between the planetary gear set 14 and the wheel assembly
46. As a non-limiting example, the planetary gear set may
have a gear ratio of 1.4:1. However, 1t 1s understood that
other reducing gear ratios are possible. It 1s understood that
the planetary gear set 14 may have other configurations that
tacilitate a stmilar operation and the position of the station-
ary member 49 can vary depending on the arrangement of
the planetary gear set 14. The fixed planetary gear ration
provided by the planetary gear set 14 allows for the size of
the electric motor 12 to be reduced.

Additionally, as shown 1n FIG. 2, 1n another preferred
embodiment, the electric drive axle 10 can include a clutch
50 which selectively grounds the sun gear portion 28 to the
stationary member 49 providing a two-speed electric drive
axle. When the sun gear portion 28 1s grounded, the electric
drive axle 10 provides a first planetary gear ratio and when
the sun gear portion 28 1s not grounded, the electric drive
axle 10 provides a second planetary gear ratio or a direct

drive ratio. In one embodiment, the first planetary gear ratio
1s 1.4:1, but 1s not limited thereto. It 1s understood that the
planetary gear set 14 may have other configurations that
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facilitate a similar operation and the position of the station-
ary member 49 can vary depending on the arrangement of
the planetary gear set 14.

As shown in FIG. 2, the clutch 50 1s a dog clutch;
however, other torque transmitting devices can be used. In
some embodiments, the clutch 50 1s 1n communication with
an actuator. The actuator can be, but 1s not limited to, an
clectromagnetic actuator a pneumatic actuator. The actuator
can be controller by the controller and/or a supervisory
vehicle control system (SVC).

In some embodiments, the motor-generator 12, bevel
gears 24, 26, planetary gear set 14 and differential unit 36 are
integrated 1nto a single unit on the axle of the motor vehicle
providing a mimimal packaging envelope that 1s easily
adaptable to existing motor vehicle chassis and suspension
systems.

FIGS. 3-6 illustrate an electric drive axle according to
other preferred embodiments. The electric drive axles are
variations of the electric drive axle 10 and have similar
teatures thereto. The embodiments shown i FIGS. 3-5
include similar components to the electric dnive axle 10.
Similar features of the embodiment shown 1n FIGS. 3-5 are
numbered similarly 1n series. Diflerent and additional fea-
tures of the varnation shown i FIGS. 3-5 are described
hereinbelow and can be appreciated by one skilled 1n the art
in view of FIG. 1 and the other embodiments illustrated and
described 1n this disclosure.

In another preferred embodiment, as shown in FIG. 3, the
sun gear portion 128 of planetary gear set 114 of the electric
drive axle 110 1s drivingly engaged with the motor-generator
112 via the bevel pinion 124 and the bevel gear 126. The
bevel pinion 124 and bevel gear 126 can have a 5:1 bevel
gear rat1o, but 1s not limited thereto. The carrier portion 132
of planetary gear set 114 1s 1n driving engagement with a
portion of the differential housing 134 including the differ-
ential gear arrangement 136. In this arrangement, the ring
gear portion 130 1s permanently grounded to a stationary
member 149 to produce a fixed planetary gear ratio. In one
embodiment, the stationary member 149 1s positioned
between the differential unit 116 and the wheel assembly
144. As a non-limiting example, the fixed planetary gear
ratio may be 4:1. It 1s understood that the planetary gear set
114 may have other configurations that facilitate a similar
operation and the position of the stationary member 149 can
vary depending on the arrangement of the planetary gear set
114.

In another preferred embodiment, as shown 1n FIG. 4, a
clutch 150 can be included 1n the electric drive axle 110. The
clutch 150 may be selectively engaged to ground the ring
portion 130, providing a two-speed electric drive axle. When
the ring gear portion 130 1s grounded, the electric drive axle
110 provides a first planetary gear ratio and when the ring
gear portion 130 1s not grounded, the electric drive axle 110
provides a second planetary gear ratio or a direct drive ratio.
As a non-limiting example, the first planetary gear ratio may
be 4:1. In one embodiment, as shown in FIG. 4, the clutch
150 1s a dog clutch; however, other torque transmitting
devices can be used.

In another preferred embodiment, as shown in FIG. 5,
both the ring gear portion 230 and the sun gear portion 228
of the planetary gear set 214 can be selectively grounded
using clutches 250, 251 respectively providing a three-speed
option providing three modes of operation, depending on the
position of the clutches 250, 251.

In this embodiment, the sun gear portion 228 is selectively
coupled to the bevel gear 226 or grounded to a stationary
member 247 by a first clutch 250. In one embodiment, the
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stationary member 247 1s positioned between the planetary
gear set 214 and the wheel assembly 246. The ring gear
portion 230 1s also selectively grounded or coupled to a
stationary member 249 by a second clutch 251. In one
embodiment, the stationary member 249 1s positioned
between the differential unit 216 and the wheel assembly
244. Both the sun gear portion 228 and the ring gear 230 can
be selectively grounded by clutches 250, 251 respectively. In
a further embodiment, as shown in FIG. 5, the clutches 250,
251 are dog clutches; however, other torque transmitting
devices can be used. It 1s understood that the planetary gear
set 214 may have other configurations that facilitate a
similar operation and the position of the stationary members
247, 249 can vary depending on the arrangement of the
planetary gear set 214.

In one embodiment, the bevel ratio gear ratio 1s 5:1;
however, it 1s not limited thereto. When the sun gear portion
228 only 1s selectively grounded, a first planetary gear ratio
1s provided. In one embodiment, the first planetary gear ratio
1s 1.4:1. When the ring gear portion 230 only 1s selectively
grounded, a second planetary gear ratio 1s provided. In one
embodiment, the second planetary gear ratio 1s 4:1. When
neither the ring gear portion 230 nor the sun gear portion 228
1s grounded, the electric drive axle 210 1s a direct drive
mode, 1.e. a 1:1 planetary gear ratio. The lever diagram, as
shown 1 FIG. 6, represents the planetary gear set 214
arrangement according to FIG. 5 1s understood by those
skilled 1n the art.

In operation of the electric drive axle 10, 110, 210, the
clectric motor-generator 12, 112, 212 drives the output shaft
22, 122, 222 that drnives the bevel gear 24, 124, 224. The
bevel gear 24, 124, 224 drives the bevel pinion gear 26, 126,
226 that drives the planetary gear set 14, 114, 214. When 1s
it desired to operate the electric drive axle 10, 110, 210 1n a
first mode of operation or first gear ratio, the first clutch 50,
150, 250 1s engaged to selectively ground a portion of the
planetary gear set 14, 114, 214.

To operate the electric dnive axle 10, 110, 210 1n a second
mode of operation or a second gear ratio, the first clutch 50,
150, 250 1s not engaged and the direct drive mode 1s
achieved. To operate the electric drive axle 210 in a third
mode of operation or third gear ratio, the second clutch 251
1s engaged to ground a portion of the planetary gear set 250.
The clutches 50, 150250 are 1n communication with a
control assembly (not shown). The clutches 50, 150, 250
may have a separate control assemblies and/or can be in

communication with all other vehicle controllers through a
SVC. Typically, a separate supervisory controller 1s required
tor HEV/FCEV/EV systems.

The torque 1s transmitted from the planetary gear set 14,
114, 214 to the differential unit 36, 136, 236 and to the wheel
assemblies 44, 144, 244, 46, 146, 246.

The clutches 50, 150, 250, 251 require a driveline torque
interruption from the motor-generator 12, 112, 212 and a
synchronous speed match from the motor-generator 12, 112,
212 to allow for engagement of the desired mode of opera-
tion or planetary gear ratio. This can be accomplished using
vehicle sensors (not shown) to send signals to an electric
control unit (ECU) (not shown) which controls a pneumatic
or electric shift mechanism or actuator included in a con-
troller or a SVC. The ECU can use an algorithm which
incorporates motor speed, vehicle speed, grade, gross
vehicle weight, acceleration, motor efliciency map, shift
mechanism position and other data to determine the opti-
mum motor speed and torque output and determine the
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required planetary ratio and, thereby, engage clutches 50,
150, 250, 231 respectively to achieve the desired torque
output.

The motor-generator 12, 112, 212, planetary gear set 14,
114, 214 and differential unit 16, 116, 216 are integrated 1nto
an electric drive axle 10, 110, 210 which 1s positioned 1n the
axle center section of a motor vehicle, thereby requiring a
minimal package envelope which can be easily adapted to fit
existing vehicle chasses and system.

The motor-generator 12, 112, 212 additionally provides
clectrical energy during regenerative braking. When the
motor-generator 12, 112, 212 retards portions of the electric
drive axle 10, 110, 210, electric energy 1s generated within
the motor-generator 12, 112, 212. The electrical energy
provided during regenerative braking can be utilized to
charge a battery (not shown) connected to the motor-gen-
crator 12, 112, 212 through a controller (not shown).

The electric drive axles 10, 110, 210 can be used 1n front
wheel drive and rear wheel drive vehicles. While not shown,
it 1s understood that the electric axles 10, 110, 210 may be
operated with an unpowered tag or pusher axle to form a

multi-axle driveline.
The drive axles 10, 110, 210 disclosed herein are appli-

cable to HEV, EV and Fuel Cell Hybrid systems. It should
be understood that electric or hybrid electric vehicles incor-
porating embodiments of the electric drive axles 10, 110,
210 disclosed herein are capable of including a number of
other powertrain components, such as, but not limited to,
high-voltage battery pack with a battery management system
or ultracapacitor, on-board charger, DC-DC converters, a
variety ol sensors, actuators, and controllers, among others.

In accordance with the provisions of the patent statutes,
the present disclosure has been described 1n what 1s consid-
ered to represent its preferred embodiments, however, i1t
should be noted that the embodiments can be practiced
otherwise than as specifically 1llustrated and described with-
out departing from 1ts scope or spirit.

The mmvention claimed 1s:

1. An electric drive axle for a motor vehicle, comprising:

an axle housing;

an electric motor having an output shaft directly driven by
a bevel pmion gear coupled thereto;

a fixed ratio planetary gear arrangement including a sun
gear, a ring gear, and a carrier connecting the sun gear
and the ring gear;

a differential unit including a differential gear arrange-
ment housed within a diferential case;

a first clutch selectively operable to connect the sun gear
to a first stationary member of the electric drive axle,
wherein the electric drive axle 1s configured to operate
in a first gear ratio when the first clutch 1s engaged; and

a second clutch selectively operable to connect the sun
gear to a second stationary member of the electric drive
axle, wherein the electric drive axle 1s configured to
operate 1 a second gear ratio when the second clutch
1s engaged,

wherein the ring gear 1s drivingly connected to the bevel
pinion gear,

wherein the differential gear arrangement comprises a pair
of pinion gears and side gears supported 1n the difler-
ential case, and

wherein the carrier 1s 1 driving engagement with the
differential case.

2. The electric drive axle of claim 1, wherein the pinion

gears are rotatably supported on a pinion shait secured to the
differential case.
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3. The electric drive axle of claam 1, wherein the differ-
ential unit 1s drivingly engaged with two axle half shafts and

the electric motor 1s positioned transversely to the axle half

shaifts.

4. The electric drive axle of claim 1, wherein the planetary
gear arrangement 1s a reducing planetary gear set.

5. The electric drive axle of claim 1, wherein the first
stationary member 1s positioned between the planetary gear
arrangement and a pair of axle shafts connected to the

differential gear arrangement.

6. The electric drive axle of claim 1, wherein the first
stationary member 1s the axle housing.

7. The electric drive axle of claim 1, wherein the first
stationary member 1s positioned between the planetary gear

arrangement and a pair of axle shafts connected to the
differential gear arrangement.

8. A method of driving an electric dnive axle for a motor
vehicle having a fixed ratio planetary gear arrangement,
comprising;

driving a bevel pmnion gear via an output shaft of an

electric motor;

driving the planetary gear arrangement via the bevel

pinion gear, wherein the planetary gear arrangement
comprises a sun gear, a ring gear, and a carrier con-
necting the sun gear and the ring gear;

during a first mode, selectively grounding a portion of the

planetary gear arrangement via a {irst clutch;

during a second mode, employing a direct drive mode,

wherein the first clutch 1s not engaged; and

during a third mode, a second clutch 1s engaged to ground

a portion of the planetary gear arrangement,

wherein the sun gear 1s drivingly connected to the bevel

pinion gear, and

wherein the carrier 1s in driving engagement with a

differential case housing a differential gear arrange-
ment.

9. The method of claim 8, wherein the first clutch selec-
tively connects the ring gear to a stationary member of the
clectric drive axle.

10. The method of claim 8, wherein the electric motor 1s
coupled to an axle housing of the electric drive axle.
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11. The method of claim 8, further comprising a differ-
ential unit drivingly engaged with two axle half shaits and
wherein the electric motor 1s positioned transversely to the

axle halt shatts.

12. The method of claim 8, wherein the planetary gear
arrangement 1s a reducing planetary gear arrangement.

13. The method of claim 8, wherein the drive axle 1s 1n a
first gear ratio when the first clutch 1s engaged and a second
gear ratio when the second clutch 1s engaged.

14. The method of claim 8, wherein during the third mode,
the second clutch selectively connects the sun gear to a
second stationary member of the electric drive axle.

15. A method of driving an electric drive axle for a motor
vehicle having a fixed ratio planetary gear arrangement,

comprising:

driving a bevel pinion gear via an output shaft of an

electric motor;

driving the planetary gear arrangement via the bevel

pinion gear, wherein the planetary gear arrangement
comprises a sun gear, a ring gear, and a carrier con-
necting the sun gear and the ring gear;

during a first mode, selectively grounding a portion of the

planetary gear arrangement via a {irst clutch;

during a second mode, employing a direct drive mode,

wherein the first clutch 1s not engaged; and

during a third mode, a second clutch selectively connects

the sun gear to a second stationary member of the
electric drive axle,

wherein the ring gear 1s drivingly connected to the bevel

pinion gear, and

wherein the carrier 1s 1 driving engagement with a

differential case housing a differential gear arrange-
ment.

16. The method of claim 15, wherein the first clutch
selectively connects the sun gear to a first stationary member
of the electric drive axle.

17. The method of claim 15, wherein the planetary gear
arrangement 1s a reducing planetary gear arrangement.

18. The method of claim 15, wherein the drive axle 1s 1n
a first gear ratio when the first clutch 1s engaged and a second
gear ratio when the second clutch 1s engaged.
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